Abstract-The mountain bike is one of the most used equipment's in outdoor sports activities. The present work presents a distributed sensing system expressed by a WSN for cycling assessment to increase performance of athletes involved in this probes. The implemented system performs acquisition, processing and data communication based on ZigBee protocol that also provides the machine-to-machine communication and data storage in a cloud platform. The information stored on the cloud server can be accessed through a mobile application that analyses and correlates all metrics calculated using the training data obtained during training session. The system permits to record the athletes training data and to access it in order to improve their performances during the next competitions based on data analysis. The recorded data of the evolution of each athlete permits to perform appropriate comparisons between different training sessions and different athletes results.
INTRODUCTION
The history of bicycle remote us to the year of 1418 where the engineer Giovanni Fontana built a four wheeled "bike" with rope connected by gears. Only 400 years later, in response to the starvation and the slaughtering of horses Baron Von Drais built the first two wheeled bike that has a cord connected to the back wheel. These velocipedes were made entirely of wood and were propelled by pushing off the feet [1] . The years passed and the innovations were many, as the pedals, brakes, suspension, and the lighter and comfortable materials that we see today in our bikes. Nowadays bicycles can be classified in four types: urban bike, BMX, road bikes and mountain bikes [2] .
For the conception of this work will be used a mountain bike, this bicycles are typically used in single tracks where the terrain can be unpaved. On these tracks commonly we could encounter rocks, loose gravel, roots and steep grades inclines and declines. Under these conditions the biker will need to get a functional interaction with his "machine", in order to achieve a balance between speed and safety. The mountain bike is produced to handle with this type of tracks, normally the material that is widely used is aluminum (offers a lighter, stiffer and efficient ride) [3] . To control the bicycle along the track the biker needs to use the mechanisms with his hands (e.g., brakes) and feet (i.e., pedals), and the positioning of his body is also fundamental. A functional position will permit the biker make rapid changes of direction and get the desirable speed. The biker position could be essential to deal with some external factors such as the slope of the track and its obstacles. It is the interactive behavior of the bicycle and biker which wanted to acquire, dynamic and kinematic data through a Wireless Sensor Network was designed and implemented. These WSN permits to get values to some of the following variables: i) braking intensity and frequency (both hands); ii) pedal strength (both feet); iii) position of the bicycle in the three plans of motion (x, y and z); iv) position of the biker in the three plans of motion. With this set of variables, it was possible to calculate some important aspects to describe the bicycle ~ biker interaction.
For the athletes the training is the most important way to achieve a better performance whether professional or recreational level. In this era of the Internet of Things (IoT), this term IoT refers to the connection of physical objects to the Internet and that can communicate through wireless or wired connections and interact with each other and collaborate with other things or objects, to create new services in order to achieve common objectives. [4] . Where vehicles, buildings, health systems [5] - [6] and a lot of another's things are characterized by sensors, software and network connectivity that enable the data collection and data exchange remotely across existing network. Creating a large pool of resources inter-liked through a dynamic network of networks. In 2020 it is estimated that will be around 50 billion devices connected to the internet.
One sustainable IoT platform relies on three pillars (renewable energy, connectivity, and collaboration) [7] . This system will allow the users to obtain data from his/her own training session. The data capture with this sensors network provides the users with information which can be used to adapt the training methods and improve the performance. The connectivity and collaboration are a fundamentals pillars in this work.
Because an autonomous exchange of information through the WSN will permit feed the database and by consequence a coach and a biker will collaborate in the analyze of a determined training session.
II. RELATED WORK
Cycling it's a complex physical activity that involves a set of movements. The bicycle with a human comprises a humanvehicle with a dynamic behavior. In contrast with an automobile or aircraft, the pilot of a bicycle comprises 80%~90% of the overall system mass and thus the motion of the driver rider is not negligible. These movements can be analyzed using different techniques, such as instrumented bicycle or motion capture techniques [8] . These two techniques highlight the complexity of the study. The first one it's related with the use of sensors on the bike or in the biker's equipment like pressure sensors and GPS. The second technique could be related with the movement of the biker related with the bicycle, that is, analyze the influence of the position of the upper body and the legs while the bicycle is on movement. These two techniques allows the creation of models that describe the movement, the points of pressure [8] and speed that a biker could be doing while training on certain track. These data could be used to provide a track-specific performance report.
Machine-to-Machine (M2M) communication [9] is an emerging technology that envisions the interconnection of machines without the need of human interventions. The main concept lies in seamlessly connecting an autonomous and selforganizing network of M2M-capable devices to a remote client, through wired or wireless network. The M2M is a combination of various heterogeneous electronic, communication, and software technologies. An intelligent software application is usually employed at the remote client to process the collect data and provide the end user with a set of smart services and a practical interface. The above challenges stress the imperative need for standardization of M2M communications [10] . The ability to connect new devices to the network lead to the evolution of the Internet of Things (IoT) [11] . In this scenario, Cloud Computing [12] can be seen as a scalable infrastructure [13] that supports computing power, storage and software services.
With the advances in wireless sensor networks (WSN) the use of these networks for collect and interpret data in real-time was facilitated. In the past they were typically used wired sensor networks but have always been expensive, due to installation and maintenance costs. But the large amount of research projects in this area allows for the existence of tiny hardware (and more accurate) devices with reduced cost/size. One of the areas on the rise is the monitoring in automobiles [14] and the physiological monitoring [15] . These advances include the development of communication standards such as IEEE 802.15.4/ ZigBee. This sensor network support small power consumption and node expansion compared to other networks standards for WSN [16] .
Joining M2M communication, WSN and Cloud
Computing. This architecture allows to stored and processed sensor data in a more accessible form, available timely, and cost-effective. This concept can be called sensor-cloud, it allows easier integration with new mobile devices like tablets or smartphones through customized mobile applications that collect data from cloud and process all sensor data.
The growth of information technology and the easy access to it, currently thousands of application are released to the market per day, some of these apps are related with the use of bicycles and cycling, but most only collect information via mobile phone modules. The difference through this work is to use WSN that can in real time detect all interactions that a biker has with his bike and through M2M communication send this data to the cloud, to be analyzed and processed in the mobile application.
III. OVERVIEW The architecture of the system includes three blocks (Fig.  1) .
The first block is represented by the bicycle and the biker, where the wireless sensor network (WSN) was placed, on the Fig. 1 . System Architecture sports equipment (i.e., gloves, shoes, chest trap and bicycle frame). Referring the WSN hardware, each of the end nodes includes a microcontroller (Fig. 2) that will read the behavior and the interaction of the biker with his bicycle during training. These nodes will make the acquisition and processing of primary data and then send it to coordinator, that stores the information on a local database and send it to the cloud. The second block is the server (cloud), which receives the information and makes it available to be accessed later by trainer. The third block, represents a mobile application that accesses the information in the cloud, interprets and correlates all biker information and allows data visualization with a friendly graphical user interface. The hardware involved in the WSN is responsible for the acquisition, processing and sending of data to the server. So, in the WSN are the force sensors, inertial measurement boards and microcontrollers. The microcontrollers interpret and read the information from sensors and inertial measurement boards.
A. Sensors and conditioning circuits
Force sensors from FlexiForce [17] , act as a force sensing resistor in an electric circuit, when no pressure is applied to the sensor the resistance is very high, otherwise the resistance decrease. In the project these sensors are in the biker shoes and gloves, these ten sensors acquire the interaction described. The used conditioning circuit is presented in Fig. 3 . B. Inertial measurement unit IMU, is an inertial measurement unit that packs an L3GD20H 3-axis gyro and an LSM303D 3-axis accelerometer and 3-axis magnetometer onto a tiny 0.8x0.5 board. This board allows calculating the angles between the bicycle and the rider as well as the direction of the movement (Fig. 4) .
The nine independent rotation, acceleration and magnetic readings (known as 9 Degrees of Freedom) provide all the data needed to make an attitude and heading reference system (AHRS). These sensors, combined with a built-in processor, create an inertial sensor system fully cable of measuring the attitude of objects in 3D space. The accelerometers measure proper acceleration -the rate at which the velocity of an object is changing. They measure the static (gravity) or dynamic (motion vibration) acceleration forces of a given object. The ideal accelerometer in AHRS provides a long term stability, low vibration error and reliability. Magnetometers are used in AHRS to measure the direction of the magnetic field at a point in space. In case of gyroscope the AHRS demand very precise sensors; the gyros are used as the primary source of orientation information. The quality of these devices has big impacts in overall performance of the inertial sensor system [18] . Though this technology provides good accuracy and reliability, it is not conducive to a MEMS-based AHRS due to its larger size and greater power requirements.
This sensor is used in the chest of the rider to measure the upper body motion and in the bicycle frame to record the oscillations on the three plans of motion [19] . Each of the three sensors acts as a slave device on the same I 2 C bus [20] .
The orientation of the bicycle/rider is often described by three consecutive rotations, whose order is important. The angular rotations are called the Euler angles. The orientation of the body frame with respect to the fixed earth frame was determined in the following manner. 
C. Embedded Systems
The Arduino Fio is a microcontroller board based on the ATmega328P runs at 3.3V and 8MHz. It has connections for a Lithium Polymer battery. An Xbee socket is available on the bottom of the board. The Arduino is intended for wireless applications [21] . On this project exists five of these boards, they work as end nodes and are responsible for the acquisition of sensor data to the network. Another microcontroller is an Arduino Mega it as based on the ATmega1280. It contains everything to support the microcontroller. The Mega is compatible with most shields in the market [22] . He works as a coordinator and could find it on the frame of the bicycle. All the communication between the WSN is done through a ZigBee network 802.15.4 [23] with modules coupled to each microcontroller.
As can be seen in the Fig. 5 , the network has a star topology, in which the Arduino Mega (Fig. 2) start center works as the coordinator and it is placed on the bicycle frame. The coordinator node includes a GPS shield for bike localization has also the capability to provide information about the speed and altitude. Additionally the coordinator based on Arduino Mega presents a Wi-Fi 3G UMTS shield (Yun Shield) [26] that provides the possibility to materialize the system cloud connection based on its Internet connectivity characteristics [27] . V. SYSTEM SOFTWARE Embedded software for WSN's microcontrollers was developed. The embedded software preforms the acquisition control and the primary processing of the signals provided by the sensing channels. After signal processing the data is stored in a database in appropriate mode including also the biker identification elements.
All the microcontrollers are programmed using C language. Several Arduino libraries associated with the used shields and the sensor boards were also used.
In the considered AHRS system is used the Direction Cosine Matrix Algorithm (DCM), to calculate the orientation of a rigid body, regarding the rotation of the earth including the rotation matrices. Rotation matrices have the advantage of being a natural fit to control and navigation. A rotation matrix describes the orientation of one coordinate system with respect to another.
The columns of the matrix are the unit vectors in one system as seen in another system. A vector in one system can be transformed into the other system by multiplying it by the rotation matrix. The transformation in the reverse direction is accomplished with the inverse of the rotation matrix, which turns out to be equal to its transpose. Certain types of vectors (directions, velocity accelerations and translations) can be transformed between rotated reference frames with 3x3 matrix [24] .
A P = a vector A measured in the frame of reference of the plane; A G = a vector A measured in the frame of reference of the ground;
The rotation matrices are related to the Euler angles, which describe the three consecutive rotations needed to describe the orientation. So the relation between the direction cosine matrix and Euler angles is: 
The coordination system shown in Fig. 4 is typically used in flight simulators with the origin located at the aircraft centroid, with y-axis pointing forward, the x-axis off the right and the z-axis pointing up. Note that orders matters, (3)->(4)->(5). Combine all three transformations (roll, pitch and yaw).
Equation (2) and (6) express how to rotate a vector measured in the frame of reference of the plane to the frame of reference of the ground. Equation (2) is expressed in terms of direction cosines. Equation (6) is expressed in terms of Euler angles [25] . The following equations permit to calculate the Pitch, Roll and Yaw:
A representation of DCM algorithm is presented in Fig. 6 . Gyroscopes readings have different offsets depending on which direction the gyroscope is facing; when these readings are integrated over time it causes the integral result to drift. Before apply (7), it is essential to correct this problem (drift), and the process of enforcing the orthogonally conditions "renormalization" is used. (9) (10) First compute the dot product of the X and Y rows of the matrix, which is supposed to be zero, so the result is a measure of how much the X and Y rows are rotating toward each other:
We apportion half of the error each to the X and Y rows, and approximately rotate the X and Y rows in the opposite direction by cross coupling:
Orthogonal error is greatly reduced by substituting (9) into (8), keeping in mind that the magnitude of each row and column of the R matrix is approximately equal to one. The next step is to adjust the Z row of the matrix to be orthogonal to X and Y row. The way to do that is to simply set the Z row to be the cross product of the X and Y rows:
The last step in the renormalization process is to scale the rows of the R matrix to assure that each has a magnitude equal to one. The resulting magnitude adjustment equations for the row vectors are:
These equations state that to adjust the magnitude of each row vector to one, is necessary to subtract the dot product of the vector with itself (the square of the magnitude), subtract from three, multiply by ½, and multiply each element of the vector by the result.
The accelerometer is not affected by drift; therefore, it can be used as an orientation reference in the X and Y axis of the rigid body to compensate the roll-pitch error (gyro's offset error). The magnetometer's readings are used to calculate the heading of the rigid body; this one helps to compensate yaw error. The heading of the system used as the reference vector in the Z axis (yaw error), in addition to roll-pitch error calculated by the accelerometer, it allows the system to calculate the rotations correction matrix.
VI. RESULTS AND DISCUSSION
The implemented system tests were made step by step. During the early stage of system test the information from the WSN nodes goes to the local database through the serial of Arduino. The tests that were done provided data that were graphically analyzed. In the local database were stored the following variables: time, date, longitude, latitude, velocity, angle, and altitude; and additional the force values, pitchReceived, rollReceived, yawReceived, pitch, roll, and yaw. The pitchReceived, rollReceived, yawReceived variables correspond to the measurement of movements of the biker, and the variables (pitch, roll, and yaw) correspond to the movements of the bicycle.
Analyzing these six variables associated with the biker and bicycle motion a set correlations between the performance between the training and angles (e.g. rolls) can be obtained.
The magnitude and the frequency of brake usage, the training path obtained using GPS and the measurements of pitch, roll and yaw angles, were obtained during the performed tests.
The Euler angles values were obtained in the ranges expressed in Table I . The trajectory performed during one of the tests is presented in Fig. 7 , while the velocities and breaking forces are presented in Fig. 8 where can be easily observed the correlation between the correlation between the applied forces and the reached velocity during the training times. The applied forces on the brake user interface are measured using force sensors embedded in gloves (Fig. 8) . The brake intensity in [%] and the brake action duration are presented in Table II . Considering the Fig. 10 , Table 1 and Fig. 4 it is possible to observe that numbers 1 and 2 are representing positive movements of bicycle, so pitch is point upwards and the roll is presenting an inclination to the right side, relative to the axis of the earth.
In case of numbers 3 and 4 is the opposite (pointing down and inclination to the left).
The number 5 is represents the yaw values, so values very close to zero mean that the bicycle is pointing to North. 
VII. CONCLUSIONS AND FUTURE WORK
The paper presents a practical approach on wireless sensor network and IoT technologies applied in motor activity monitoring in athletes during bicycle training session. The obtained results during the system tests in laboratory underlines the capability of the implemented system to extract information that is used to perform comparisons between the angles associated with athlete and bike, velocities and breaking intensities as so as breaking frequencies for individual athlete.
The distributed processing on the client expressed by WSN and server side expressed by cloud was successful implemented. As an ongoing work is mentioned the Android OS application that will provide appropriate interaction and support to any biker who is trying to achieve a better performance during training based on historical data analysis. The developed application will helps the bikers and coaches to extract relations between the measured values of force exerted on (brakes and pedals), tracking, velocity, angles between bicycle and biker, and the times associated with downhill probes. The application offers the possibility of each training session to be accessed over time, creating a historical of all already training sessions. 
